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ABSTRACT: Generic association srudies were conducted 
among rwo independent cohorts of Chinese ethnicity. The 
samples consisted of cases and unrelated controls, ascer- 
tained from Guangzhou, China, and Singapore. The stud- 
ies were prompted by our earlier report of an association 
between schizophrenia and HLA DQBl alleles (HLA 
DQB 1*0602 and HLA DQB 1*0303) in the Singapore 
sampie. Polymorphisms of HLA DQBl and flunking 
markers on chromosome 6p21.3 were investigated in the 
nrst part of the study. A significant negative association 
with HLA DQB 1*0402 was detected in the Guangzhou 
sample (Odds ratio, OR 0.26, 95% confidence intervals, 
CI 0.1, 0.6; p < 0.02, corrected for multiple compari- 
sons). Additional analysis of the Guangzhou and Singa- 
pore samples revealed associations at three other anony- 



mous markers flanking HLA DQBl, In the second part of 
the study, three polymorphisms at the Inrerleukin-1 gene 
cluster (IL-1, chromosome 2ql3-q21) were investigated 
m both cohorts, since associations with schizophrenia have 
been reported in another sample. Persuasive evidence for 
an association at IL-1 was not detected in either sample. 
Our results suggest a susceptibility locus for schizophre- 
nia in the HLA region among the Chinese, but further 
clarification is necessary. Human Immunology 62, 
? t \ir'^ (^001). © American Society for Histocompat- 
ibility and Immunogenetics, 2001. Published by Elsevier 
Science Inc. 
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INTRODUCTION - 
• Several srudies have documented differences between na- 
' dents with schizophrenia and suitably matched controls 
with respect to immunological measures such as cytokine 
concentrations or lymphocyte subsets [1-6]. It has aiso 
been suggested that a sub-group of patients have in- 
creased prevalence of autoimmune diseases as -well as 
antinuclear and anticyroplasmic antibodies £1, 7, S, 9j. 
The prevalence of rheumatoid arthritis and type I diabe- 
tes meiiirus may be reduced among patients with schizo- 
phrenia, suggesting shared etiology between schizophre- 
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nia and these autoimmune conditions [10, 11]. Some of 
die results could be due to medications, but other groups 
have also reported increased prevalence of autoimmune 
diseases among medication free nonschizophrenic rela- 
tives of probands [12-16]. Thus an autoimmune .pathol- 
ogy for schizophrenia is plausible, though persuasive 
evidence is unavailable [S, 16-193. The inconsistencies 
may have resulted from the variable effects of other 
nonspecific clinical factors such as stress [20, 21]. More 
reliable results may be obtained if heritable immunolog- 
ical factors are examined. 

Linkage studies form the cornerstone for identifying 
genes predisposing to human disease. However, genome 
wide linkage studies have not yielded consistent results 
for schizophrenia, even though the heritability is esti- 
mated at 70% [22]. The variable results may be due, 
among other reasons, to the presence of several genes of 
relatively modest effect. Candidate gene association strat- 
egies are gaining popularity for gene mapping studies 
because such genes may be detectable using this ap- 
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proach- [23]. Association studies make no assumptions 
about the mode of inheritance. For both reasons, they are 
potentially useful in schizophrenia. The present study 
describes studies involving immune related genes, for 
which associations with schizophrenia have previously 
been reported. 

HLA and Schizophrenia 

Association studies have focused on the HLA region on 
chromosome 6p21 for over three decades, but the results 
have been inconsistent [24-27]. Some of the inconsis- 
tencies may have arisen because most early studies ex- 
amined HLA class I. but not class II markers. The latter 
are more likely to be associated with autoimmune dis- 
eases. The early studies also used serological methods, 
which are more error prone in comparison with PCR 
based assays [28 j. 

Several recent PCR based analyses of class II markers 
among Caucasian and Japanese samples have reported 
significant associations with alleles of HLA DPB1 or 
HLA DRB1 [29-32]. Two recent family based studies 
among Caucasian samples also suggest an association at 
HLA DRB1 [27, 31]. Even so, several other case- 
control studies have failed to detect significant associ- 
ations in the HLA region [26, 33, 34]. Therefore, the 
question of HLA association with schizophrenia is un- 
resolved. 

Over 90% of the HLA studies in schizophrenia have 
been conducted in Caucasian samples. It is plausible that 
an association is -present among other ethnic groups even 
if k is not detectable reliably among Caucasians. Such 
variations have been reported for associations of HLA 
DQBl alleles with type J Diabetes Mellitus [35]. Indeed, 
our prior studies suggest a "negative" association with 
HLA DQBl *0602 among African-Americans, which 
could not be detected among Caucasians [26. 33, 36]. In 
other words, the frequency of HLA DQB1*0602 was 
significantly reduced among African -American cases 
compared with control values. However, a spurious as- 
sociation may have occurred among the African-Ameri- 
cans due to known genetic admixture between Caucasian 
and African genes [37). 

To res: ethnic differences with regard to the associa- 
tion, an independent Chinese sample from Singapore was 
investigated. A significant negative association with 
HLA DQB 1*0602 and a significant "positive" associa- 
tion was detected with HLA DQBl *0303 in this sample 
[3S]. This association was also notable because the diag- 
nostic criteria for the Chinese cases (International Clas- 
sification of Diseases, 10th revision, 1CD 10) were dif- 
ferent from the African-American sampie (DSM-III-R). 
Thus, the HLA DQBl association appeared to be robust 
to diagnostic variations. Furthermore, the molecular ge- 
netic techniques employed in the studies were different. 



arguing against a systematic laboratory error. Taken to- 
gether, these studies support an association in the HLA 
region among the Chinese. 

Nevertheless, other considerations remain. First, the 
controls for the Chinese samples were unrelated adults 
who had been selected during, a pre-employment 
checkup. Significant bias may be introduced by the 
screening process [39]. Second, the presence of hitherto 
unknown HLA DQBl alleles could lead to genotyping 
errors. Both these possibilities were examined in the. 
present study. DNA polymorphisms at HLA DQBl and 
flanking loci were initially examined among indepen- 
dently ascertained cases and adult controls from Guang- 
zhou, China. The flanking markers included short tan- 
dem repeat polymorphisms (STRPs). We reasoned that a 
significant association was unlikeiy at the STRPs due to 
relatively high' mutation rates [40]. Nevertheless, if de- 
tected, it would provide supportive evidence for the 
association and potentially help narrow the region of 
interest. These markers were also examined in the Sin- 
gapore cohort. 

Interleukin-1 (IL-1) Gene Complex 

Cytokines such as IL-1 a, as well as the respective recep- 
tors have been localized to the brain [411. They can 
modify the metabolism of neurotransmitters [42], Be- 
cause IL-la acts as an astroglial growth factor, it may 
influence neurodevelopment as well as neurodegenera- 
tion [43]. Due to these diverse roles, cytokines have been 
suggested in the pathogenesis of schizophrenia [44]. 
Indeed, elevated plasma concentrations of Il-lS have 
been noted among drug naive patients with recent onset 
of schizophrenia [5]. However, such findings may reflect 
epiphenomena like sleep loss or stress, rather than gen- 
uine pathogenic mechanisms [21 J. Genetic evidence may- 
be more convincing. Therefore, interest has focused on 
the IL-1 gene complex on chromosome 2ql3-q21. This 
region includes three tightly linked genes: IL- 1 a, IL-lS, 
and the IL-1 receptor antagonist (IL-1 RA) [453- Restric- 
tion fragment length polymorphisms (RFLPs) at position 
— SS9 of IL-1 oi, at position —511 of IL-1 [3 and variable 
number of tandem repeats (VNTRs) in the intronic 
sequence of I1-1RA were recently investigated among 
Finnish cases with schizophrenia {n = 50) and unrelated 
blood donors (;? = 400) [20]. Though significant case- 
controi differences in allele frequencies were not detected 
for any of these three polymorphisms, the cases had a 
significant excess of individuals homozygous for the fol- 
lowing haplotype: IL-la allele 2/1L- 1 (3 allele 1/IL-l RA 
allele 1. These findings are provocative, because the 
IL-la polymorphism has functional relevance, and the 
IL-1 complex may be associated with ulcerative colitis as 
well as juvenile rheumatoid arthritis [46-48]. To test if 



716 



K. V. Chowdari er ai. 



similar associations occur among che Chinese, born the 
Singapore and Guangzhou samples were examined. 

MATERIALS AND METHODS 
Clinical 

Singapore sample. The Chinese cases and adult controls 
have been described earlier [38]. Briefly, che cases were 
male inpatients with schizophrenia (JCD10 criteria) at 
Woodbridge Hospital, the only psychiatric hospital in 
Singapore. The controls were individuals screened for a 
pre-employment checkup at the National University 
Hospital, Singapore. For all participants, ethnicity was 
based on self report. The sample included 171 cases and 
130 controls. Informed consent was obtained from par- 
ticipants, in accordance with the regulations of Singapore 
University and the University of Pittsburgh Institutional 
Review Board (IRB). 

Guangzhou sample. The cases were consenting inpatients 
with schizophrenia of Han Chinese ethnicity (DSM IV 
criteria). Ail cases were interviewed by two psychiatrists 
using the Structured Clinical Interview for DSM IV Axis 
I Disorders, Patient edition (SCID-P), [49]. The controls 
were unscreened unrelated adults from the same residen- 
tial area as the cases. The sample included 100 cases and 
99 controls. The study was approved by the Ethics 
Committee at Guangzhou Psychiatric Hospital and the 
University of Pittsburgh IRB. 

Laboratory 

DNA extraction. Genomic DNA was extracted from ve- 
nous blood using the phenol chloroform method. 

Chromosome 6p markers. In. addition to HLA DQB1, five 
anonymous markers less than 100 kb from,. HLA DQB1 
were analyzed. They included four short tandem repeat 
polymorphisms (STRPs): DQCAR2 (IS alleles), DQ- 
CAR (14 alleles), G5-1152 (13 alleles), G4-1234S (7 
alleles), and G6-7571. a bi-allelic marker (Figure 1). 

Genotypes at HLA DQB1 were determined using 
PCR amplification with sequence specific primers (SSP) 
f50j. The STRPs at DQCAR were typed using a PCR 
based assay [51, 52]. The amplified fragments were 
separated electrophoretically using 6% aery lam ide gels 
and visualized using silver stain [53]. Other STRPs were 
analyzed using published PCR based assays [54-57]. Ail 
gel runs included as reference amplified DNA from 
CEPH individuals whose genotypes were known. Geno- 
types were read by two workers blind to the clinical 
status of the subject. In case of ambiguity, samples were 
retyped. 



The marker G6-7571 was initially reported as a single 
strand conformational polymorphism (SSCP) [55]. To 
identify the sequence variation causing the SSCP. we 
identified four individuals with varying SSCP patterns. 
PCR amplified fragments from these individuals were 
purified using Quiagen Extraction Kits, sequenced using 
cycle sequencing kits (Applied Biosystems) and electro- 
phoresed on an ABI 373 DNA Sequencer. The sequencer, 
from the variant genotypes were analyzed using mu!- 
tialignment sequence analysis software (CLUSTAL). We 
identified a T — > C substitution, recognized by the re- 
striction endonuclease MSc L Therefore, the rest of the 
samples were PCR amplified, digested using MSc I, 
electrophoresed on 2% agarose gels and the fragments 
visualized with ethidium bromide. 

Chromosome 2q markers. Three polymorphisms were in- 
vestigated at the IL-1 gene cluster: bi-allelic markers at 
ILIA (-S89) and IL1B (-511) and a variable number of 
tandem repeat marker (VNTR) at IL1RN. Published 
PCR based assays were employed [20, 45]. Amplified 
DNA fragments were visualized by electrophoresis on 
2% agaorse geis followed by ethidium bromide staining. 

Statist tea I analysis. C as e - c o n t ro 1 d i ff e r e n ce s in allele fre- 
quencies for bi -allelic markers were compared using 
Chi square tests. For comparisons involving small ceils, 
the likelihood ratio chi square statistic was used. Such 
comparisons are invalid for multi -allelic markers such 
as STRPs. due to the large numbers of cells. Therefore, 
the computer program CLUMP was used [5 SI. Using 
Monte Car-ro simulations, it generates tables with the 
same marginal totals as the table with the raw data. 
The number of times the chi square value from the taw 
data exceeds the respective values from the simulated 
data set is counted. This provides an estimate of the 
significance of the raw values. When significant case- 
co-ntroi differences were detected thus, chi square tests 
were used to compare frequencies of individual alleles 
and odds ratios computed when significant differences 
were detected. 



RESULTS 

Analysis of Chromosome 6p Markers 

HLA DOB J (Guangzhou sample). CLUMP analysis re- 
vealed a significant association at HLA DQB1 when 
overall allelic distributions were compared (p < 0.0001, 
Table 1). Genotypes and allele counts for each allele were 
also compared among cases and controls using Chi square 



Generics of Schizophrenia in China 



717 




D6S265 



D6S273 



D"QCAR2 « 

DQCAR 
G6-7571 
HLADQBi 

G6-154 



G5-7530 
G5-1152 

G4-i234S 



TAP2 
TAP] 




Singapore 
cases/adult 
controls ' 


Guangzhou 
cases/adult 
controls 


n.s 




n.s 


n.s 


n.s 


n.s 






* 


n.s 


n.s 





* significant association using Monte 
Carlo simulations. 

n.s. not significant. Physical distances 
estimated from genomic sequence 
( http://www.sanger. ac.uk ). 



FIGURE 1 Chromosome 6p polymorphisms analyzed. 
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TABLE 1 HLA DQB1 allele frequencies among cases and controls from Guangzhou. [Significant case-control 
differences following corrections for multiple comparisons: lb Genotype distribution (p < 0.02, 
X 2 = 12.9, 1 d.f.). U Allelic distribution (p < 0.02, x 2 = 11.5, 1 d.f.) analysis using CLUMP 
suggested a significant difference in overall allelic distribution among cases and controls (p < 0.0001).] 
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tests. Following correction for multiple comparisons, a 
negative association with HLA DQB 1*0402 was noted 
(X 2 = 11.5, * < 0.02, I df; cases: 0.04 ± 0.01, controls: 
0.15 ± 0.03, frequency ± SD; Odds ratio, OR 0.26 ; 
95% confidence intervals, CI 0.1, 0.6). Similarly, geno- 
type comparisons revealed significant case control differ- 
ences with respect to HLADQB1 *0402 , (x 2 = 12.9, 
p < 0.02, Idf). Genotype and allele count differences 
were also noted at three other alleles (HLA DQB 1*0301, 
*0302 and *0303), but did not remain significant after 
correction for multiple comparisons (Table 1). 



Anonymous Markers Flanking HLA DQB1 
(Singapore and Guangzhou Samples) 

Singapore sample. In addition to the association at HLA 
DQB1 repo'fted on previously, significant case-control 
differences were detected at one other locus. CLUMP 
analysis revealed significant case-control differences in 
overall allelic distribution of G5-1152, an STRP less 
than 50 kb centromeric co HLA DQB1 (p < 0.02; cases: 
n = 154; controls: n = 111). No significant associations 
were detected at the other markers investigated, includ- 
ing G6-7571 (Figure i, Table 2). 



TAiJLE 2 Genotypes for G6-7571 polymorphism among cases and controls. Genotype 1.1 denotes individuals 

homozygous for the allele 1 (T/T), 2,2 denotes allele 2 homozygous individuals (C/C) and 1.2 denotes 
heterozygous individuals. Apart from the Guangzhou cases, all other groups were in Hardy Weinberg 
equilibrium (x 2 = 6.5. * < 0.05, ld.fi). 
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TABLE 3 Genotypes for IL-i gene duscer polymorphisms among cases and controls. Published allelic 
nomenclature was used (Katila et ai 1999). Respective allele sizes are shown in brackets. 



Genotype 
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Guangzhou sample. CLUMP analysis suggested signifi- 
cant associations in the Guangzhou sample at two mark- 
ers flanking HLA DQBl: DQCAR2 and G4- 12 348 (Fig- 
ure I; DQCAR2:. < 0.01; cases: « = 97: contrail: 
n = 96; G4-1234S: p < 0.01; cases: n = 92; controls: 
n = 97). 

Analysis of Chromosome 2q Markers 
Guangzhou sample. No significant case-control differ- 
ences were noted with respect to ailele or genotypes at 
any oi the three polymorphisms- analyzed (Table 3, Fig- 
ure 2). Using these genotypes, hapiorypes were also 
estimated [59]. No significant haplotype differences 
were noted. 

Singapore sample. No significant case-control differences 
were detected with. respect to genotypes or allele frequen- 
cies when the IL-lfJ and the IL-1RN markers were 
analyzed (Table 3 t Figure 2). 

DISCUSSION 

The present study follows our earlier report of an asso- 
ciation between schizophrenia and alleles of the HLA 
DQBl gene among the Chinese [38]. We sought a 
replication in an independent cohort from Guangzhou. 
China. A significant association with HLA DQB 1*0402 



was detected in the Guangzhou cohort. Since associations 
with HLA DQB 1*0602 and HLA DQBl *0303 were 
noted using the Singapore sample, the present report 
cannot be considered a replication. There are several 
possible reasons for the differing associations, including 
sample size variations, clinical heterogeneity, or genetic 
dissimilarities between the Singapore and Guangzhou 
samples. 

Trie Guangzhou sample was smaller than the Singa- 
pore sample. The reduced power may explain why HLA 
DQB 1*0303, one of the alleles associated in the Singa- 
pore sample failed to attain statistical significance in the 
Guangzhou sample following Bonferoni correction. The 
absence of familial samples precluded Mendelian checks 
for the genotypes. Therefore, uncertain genotype calls 
were excluded from analysis, resulting in varying sample 
sizes ror the markers. Such variations may account for the 
fact chat associations were observed at different markers 
flanking HLA DQBl in both samples. Insofar as associ- 
ations were noted at several markers, ir is unlikely that 
exclusion of variable numbers of samples at these markers 
led to a systematic bias. 

Apart from size, the Guangzhou sample also differed 
from the published Singapore sample with respect to 
diagnostic criteria (DSM IV criteria, Guangzhou 'sample 
versus JCD 10 criteria, Singapore sample). These samples 
also differed in the choice of controls. The Guangzhou 
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sample .included both genders, while the Singapore sam- 
ple was restricted ro males. 

The differing HLA associations in the Singapore and 
Guangzhou samples could also be due to genetic factors. 
One possibility is allelic heterogeneity. Though both our 
Chinese samples were of Han Chinese ethnicity, anthro- 
pological and genetic evidence suggests diversity within 
this ethnic group [60]. The possibility of an unknown 
primary disease susceptibility gene linked to different 
HLA DQB1 alleles in these two samples cannot be 
excluded. Such an explanation is plausible since the 
precise bounds of the associated region are unclear from 
the present study. Prior studies among Japanese samples 
have suggested associations with alleles of HLA DRB1, a, 
gene in strong linkage disequlibrium with HLA DQBI 
[22]. Si nee HLA DRB1 alleles were not examined in the 
present study, such associations cannot be discounted. 
Recent family based association analyses in a Caucasian 
sample also implicated NOTCH4, a gene localized to the 
HLA Class III region [61]. Thus, a primary association at 
one or more non-immune related genes is" possible,' as 
documented for hemachromatosis, another disease with 
significant associations in the HLA region [62]. 

It is also possible that the different associations in our 
Chinese samples reflect "spurious associations." Popula- 
tion stratification resulting from differing rates of ad- 
mixture among cases and controls can iead to such arti- 
facts. This possibility needs to be addressed using family 
based samples [63]. The familial samples may also be 
more informative than the presently available unrelated 
individuals for identification. of* disease associated hapio- 
rypes. 

The analysis using the Singapore sample should be 
considered an extension, and not an independent replica- 
tion of our earlier report, because the cases and adult 
controls reported on here were used to detect the initial 
association. Nevertheless, they lend support to the prior 
reported associations in the HLA class II region. In the 
present analyses, suggestive associations were noted at an 
aaditional marker among the cases and screened adult 
controls. This reduces the likelihood of chance differ- 
ences due to genotyping errors. In contrast, associations 
were not detectable ar the same markers flanking HLA 
DQBI in the Guangzhou sample. The reasons for these 
inconsistencies are unclear and may be related to the 
differences outlined above. The associations at these loci 
in close physical proximity are most likely to be due to 
the well known linkage disequilibrium in the HLA 
region [64]. It was not possible to evaluate recombinants 
in the present study due to the absence of parental 
information, even though others have reported recombi- 
nations in the HLA class II region [54, 65-67]. 

We also examined possible associations with IL-1 
polymorphisms in our present analyses, following a re- 



ported haplotype based association in a Finnish sample 
[20]. Plausible evidence for an association was not re- 
vealed in either sample. The discrepancy between our 
report and the earlier study may stem from differences in 
the ethnic groups. 

In conclusion, the present study provides suggestive, 
but not conclusive evidence for, an association between 
schizophrenia and markers on chromosome 6p21 among 
two independent Chinese samples. If they represent true 
genetic associations, the findings are unlikely to explain 
more than a fraction of the genetic risk for schizophrenia. 
Furthermore, details of family history were unavailable 
for either sample. Therefore, it is not known if the 
associations are more evident among famiiial cases. Con- 
clusive evidence for an association with IL-1 polymor- 
phisms was not present in either sample. Farther studies 
are in progress. 
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